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Mechanical properties of rat back skin at low loads 
and at failure were studied in 2 directions, e _g_, perpen-
dicular and longitudinal to body axis beginning with 
early maturation (from 1 week onwards) until senes-
cence (at 24 mo). Anisotropic behavior, known for hu-
"Inan skin, has also been found in rats. Surprisingly, the 
changes due to maturation and aging were not the same 
for one area of skin regardless of the direction. Ultimate 
exten sion was more influenced by the aging process in 
samples perpendicular to the body axis than in those 
parallel to body axis. Elongation at zero load, that means 
load not measurable under the described conditions, was 
higher in the longitudina l samples than in the perpen-
dicular ones in young and very old animals, whereas this 
difference was absent in mature animals. In contrast, 
ultimate load, tensile strength and modulus of e lasticity 
wrere higher in perpendicular samples than in samples 
longitudinal to the body axis for young and very old, but 
not for mature animals. Elongation at low loads or low 
stresses shows a different pattern than at medium loads 
or medium stresses when both directions are compared. 
Apparently, e lements contributing · to the mechanical 
properties in the various directions are differently influ-
enced by the maturation and aging processes. Moreover, 
the elements contributing to the changes at low loads 
react differently to the aging process from those respon-
sible for the effects at medium and high loads. 
The basic facts und erlying the obvious ch anges between the 
soft skin in young individuals, t he strong skin in adults, and the 
flaccid s kin in e lderly people are s till unknown to a large extent 
One exa mple is the a nisotropy of s kin . 
D il'ectional differences in structm e and function of human 
s kin have been known s ince the eal'ly observations of Langer in 
1861 [1]. B iomechanical properties of human skin show direc-
tional variations re lated to La nge r's lines [2-13]. T he a niso-
tropic beh avior of human skin has been d emonstrated by sev-
era] methods a pply ing eith er uni -axial strain in various direc-
tions [4,5,7-15] or torsional loads [3,5,11,16,17]. Directional 
differences of m echa nical proper t ies ha ve not only been shown 
in human skin but also in the skin of animals, such as rats 
[18 J, mi ce [19] , ra bbits [20,21], cats [22] a nd gu inea pigs [23]. 
These differences m ay be related to th e step-phenomenon 
[18,24] which has been found in rats, guinea pigs, rabbi ts, and 
dogs. 
S ince mech a nical parameters of skin h ave been shown to be 
dependent on maturation and aging both in man [25-35] a nd 
animals [24,36-50] it seem ed to be worthwhile to study t he age 
dependence of m echanical an iso tropy in rat skin . 
MATERIALS AND METHODS 
M ale Sprague Dawley rats (Hannover strain, Zentralinstitut Han-
n over) we re used in all studies. Young animals (1 , 2, and 3 weeks) were 
d e li vered wit.h t.heir mothers from the breeder. The old rats ( I and 2 
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years) were kept on Altromin-diet in air-conditioned rooms until sac-
rifice. Each group was randomly divided into 2 blocks which were 
assigned as "perpendicular to body axis" or "longitudinal to body axis" . 
Skin samples were obtained as described previously [18,24,39, 
41,43,44 ,46,47,49,51,52]' After sacrifice in chloroform anesthesia the 
back skin was shaved. A flap of 5 x 5 cm size was removed and the sllin 
thickness was measured by calipers. From each rat 2 dumbbell-shaped 
samples of 50 mm length and 4 mm width were punched out either 
longitudinal or perpendicular to the body axis allowing a gauge length 
bet.ween the clamps of 30 mm. Due to this size the compru·ison longi-
tudinal versus perpendiculru· was only possible between animals and 
not within the same individual. In a total number of 40 animals per age 
group, 2 samples per rat were punched out perpendiculru· to the body 
axis, in another 40 animals per age group the direction was longitudinal 
to the body ax is. Thus, for each age group 80 samples obtained perpen-
dicular to the body axis were compared with 80 samples obtained 
longitudinal to the body axis. Stress strain curves were measured at a 
stra in rate of 50 mm/ min wi th an Instron-instrument; whereby the 1st 
prut of the curve was registered wit.h lO-fold amplification. Even with 
this high amplification the stress-strain curve did not rise immediately. 
The fo rce at this part at this amplification was below 0.005 Nand 
therefore considered as zero load . In spite of great variations due to the 
conditions of clamping this horizonta l pru·t could be measw·ed as 
elongation at zero load. At the point of failure the following parameters 
could be measured and calculated: ultimate exten.sion, ultimate load 
and ten.sile strength (= ul timate stress = ul timate load divided by cross 
section area). From the straight prut at the upper end of the stress-
st.rain curve the modulus of elasticity was calculated (Fig 1). Further-
more, for each curve the extension was measured at given load interval 
(0.05; 0.1 ; 0.2; 0.5; I ; 2; 5; 10; 20; and 50 N) 
and at given stresses 
(0.01; 0.02; 0.05; 0.1; 0.5; l; 2; 5 and 10 N/cm~). 
Each parameter was measured longitudinal and perpendicular to the 
body axis and compared within each age group. Furthermore, for each 
di.rection the values were compru·ed with the maximum and minimum 
value. Standard deviations for each value ru·e shown in the following 
figures. 
RESULTS 
As expected , body weight and skin thickness of bot h groups 
perpendicular a nd longitudinal to body axis were iden t ical at 
each age interval , indicating complete ra ndomization within 
each age group (Fig 2). In this a nd the following figures age is 
p lotted on the abscissa in a logarithmic scale. Body weight 
reach es th e maximum at 12 mo a nd decreases thereafter as 
reported previously [24,44,46,49]. Skin thiclmess shows a s imi-
lar pattern as body weigh t during late maturation (Fig 2) but 
not in very young a nimals. Additional to t he findin gs of earlier 
studies [39,41,45] in t his experimental series also t h e behavior 
during very early maturation (1, 2 and 4 weeks) was studied . 
Skin t hickness decreases s ignificantly between 1 a nd 3 weeks of 
age. After t he minimum at 3 weeks the usual increase up to t he 
m ax imum of 12 mo was seen. The decrease in s kin t hickness 
b.etween 1 and 3 weeks may be expla ined due to water loss. 
Fig 3 shows the age-dependence of ultima.te extension. Re-
m a rkable differences between longitudinal and' pe rpendicular 
samples a re noted. Samples obtained perpendicular to t he body 
a xis showed an increase during maturat ion, reaching a m axi-
mum at 4 m o, a nd a decrease during aging as r epor ted previ-
olls ly [45,49]. The behavior of samples obtained longitudinal to 
t he body axis was quite differen t . After a n initial rise a maxi-
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mum was found at 3 weeks. Afterwards a slight decrease was 
noted unt il a minimum was reached at 12 mo. The value of 
ultimate extension in the 24-mo-old rats again was higher than 
at 12 mo. Generally, the changes due to maturation and age 
were much less in samples longitudinal than in those perpen-
dicular to the body axis. Between 1 and 4 weeks all values of 
ultimate extens ion were s ignificantly higher in samples punched 
out longitudinal to the body axis; between 4 mo and 12 mo they 
were cons iderably lower (p <0.001) ; and at 24 mo they were 
virtually the same as in the samples obtained perpendicula r to 
body axis. 
Some of the differences found at ult imate extension a re 
a lready reflected in elongation at zero load (Fig 4). In young 
a nima ls (1 week to 1 mo) elongation at zero load was signifi-
cantly higher (p <0.001) in samples obtained longitudinal to 
body axis than ' in perpendicular samples. These differences 
disappeared between 2 and 12 mo. At 24 mo, however , the 
difference in the same direction was again significant (p <0.001). 
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In young animals (up to 1 mo) and also in old a nimals (24 
ITlo) ultimate load is significantly lower (p < 0.001) for samples 
obtained longitudinal to body axis than for perpendicula r sam-
ples (Fig 5). Between 2 and 12 mo no difference is found. Only 
the perpendicular samples show a n unequivocal maximum at 4 
ITlO. 
S urprisingly, the decrease between 12 and 24 mo to be 
a ttributed to senescence was found for ultimate extension per-
p e ndicular to body axis and for ultimate load longitudinal to 
body ax is . 
D ue to identical skin thickness of both groups tensile strength 
(Fig 6) shows a simila r pattern as ultimate load. The step 
observed in both curves between 3 a nd 4 weeks is due to the 
ITlinimum of skin thickness at 3 weeks. From 1 to 4 weeks 
tensil e strength values are significantly lower (p < 0.001) for 
longitudinal samples as they are in 24-mo old rats. Between 2 
and 12 mo values are virtually ident ical . 
Ultimate modulus of elasticity likewise shows lower values 
in longitudinal samples for 1- to 4-week-old-animals and for 
aged rats (Fig 7). Again, a step between 3 a nd 4 weeks was 
noted in samples pe rpendicula r to body axis. Between 2 and 12 
N/ mm' 
15 
10 
5 
N/mm2 
60 
40 
20 
_- '1 
~/ 
1"1 l 
. 
· 
____ perpendicular to 
body axiS 
longitudinal to 
body axis 
Q25 0.50.75 1 2 4 12 24 mo nths 
FIG 6. Tens ile strength. 
,l'J 
"' ,- _" 1 
0.25 0.5 0.75 1 
· 
· 
. 
. 
2 
___ perpendicular to 
body axis 
4 
longitudinal to 
body axis 
12 24 months 
F I G 7. Ult imate mod ulus of elasticity. 
mo, howeve r, the values longit udinal to body axis aJ-e higher 
than t he values of samples punched out perpendiculru- to the 
body ax is. Howeve r, t his difference reaches only the value of p 
< 0.01 whereas all other differences called significant exceed p 
< 0.001. As with ul t imate load only for sam ples longitudinal to 
body axis the maximum after maturation at 4 mo and t he 
unequivocal decrease du e to senescence was found. 
Another approach to evaluate the mecha nical behavior of 
skin is to measure the extension depending on logarithm of load 
or stress stru-ting from very low values. 
Fig 8a presents the elongation depending on t he logarithm of 
stress values. This logari thmic t ransformation was chosen in 
ord er to elucidate especially t he cha nges at low stresses. Age as 
logal'it hm of time is depicted on t he depth axis . At 1, 2, 3 and 
4 weeks of age extension is higher in all samples longitud inal to 
body axis compared to perpendicular samples at a ll stress values 
up to rupture. At a n age of 2, 4 and 12 mo a n in teresting 
phenomenon is observed. At low stresses (0.01 to 0.2 N/mm~ ) 
still longitudinal samples show the higher extension whereas at 
stress va lues from 0.5 N/mm~ upwru'ds t he perpendicul ru' sam-
ples show the higher extension. In these age groups t he crossing 
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of the stress-strain cmves occurred at load values between 2 N 
and 5 N or at stress values between 0.2 and 0.5 N/ mm2 
Another phenomenon becomes more evident, when loga-
ri t hm of age is chosen as abscissa and logarithm of stress values 
as depth axis (Fig 8b). At low stresses elongation decreases 
from 1 to 2 or 3 weeks and rises afterwards. This behavior is 
more prominent in perpendicu lar samples. At higher stresses 
and at an age beyond 2 mo the crossing of the values is noted 
aga in. Under t hese conditions the elongation val ues of perpen-
dicular samples are higher than in longitudinal samples. At an 
age of 24 mo these differences almost disappear. 
DISCUSSION 
The resul ts reported here confIrm earlier observations in rat 
skin [39,41,45,46,47,49,50], however, give addi tional aspects. 
Analysis of t he low part of the s tress-strain curves [47] revealed 
the step phenomenon [18,24] which is dependent on the di.rec-
tion versus body axis. If only one direction is tested for reasons 
of standa rdiza tion the influence of anisotropy may be neglected. 
On the other hand anisotropy or directional variations of me-
ch anical parameters are very weU-known for human and animal 
skin [3,5,7,8,10-14,16-23,53,54]. 
One would expect that th ese differences are related to the 
basic structure of skin and changes due to matm ation and aging 
are the same for one area of skin regardless to the direction. 
S urprisingly, these studies have shown that this is not true. In 
any physical model to be used one has to imagine some fInite 
elements contributing to t he mechanical properties. Apparently 
elements contributing to mechanical properties perpendicu lal" 
to body axis are differently influenced by th e matmation and 
aging processes from those responsible for mechanical param-
eters parallel to body axis. Moreover, elements responsible for 
mechanical properties at high and medium loads are differently 
influenced by the matmation and aging process from those 
attribu ting to mechanical properties at low loads. 
Age-dependent changes of mechanical properties of connec-
t ive tissue may be explained by differe nt degrees of crosslin king 
of coUagen [40,41] indicated by its degree of solu bility. This, 
however, does not explain the data reported here. One has to 
assume that t he predominant orientation of the fiber network 
and therefore also the orientation of crosslinks changes with 
maturation and age. 
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